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EXECUTIVE SUMMARY
The City of Portland is at a crossroads. We are pursuing a
dense urban form which will create a walkable and efficient
city while protecting valuable natural resources and farmland
on the periphery. However, density does not come without
negative impacts on the health of both the natural and social
environment within our community.
Increasing the
intensity of development means that there will be less room
for the natural spaces that enhance our quality of life.
This document investigates green roofs as one piece in a
larger strategy that should be taken to maintain the health of
the natural environment and the quality of life experienced
in Portland. By adding more greenspace to urban areas, green
roofs have the potential to bring substantial benefits to our
community through mitigating some of the negative impacts
of development.
There are two types of green roofs. Intensive green roofs,
more commonly known as conventional roof gardens,
require high levels of maintenance and are developed
primarily for aesthetics and use by humans. Extensive green
roofs, used widely in Europe for their environmental
benefits, normally consist of thin soils and low-maintenance
vegetation applied to large roof areas .
Both types of green roofs have characteristics that work to
enhance the overall environment of our community. By
covering impervious surfaces with soil and vegetation,
stormwater run-off is reduced, thereby alleviating combined
sewer overflow (CSO) and flooding problems. Vegetation on
green roofs filters air, absorbs CO2 and cools urban heat
islands, helping to prevent air pollution. Habitat is created
for wildlife such as squirrels, birds and insects. Access to
open space and the subsequent role that it plays in our
everyday lives is heightened, whether it be for recreation,
relaxation, food production or just a great view that brightens
our day.
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Beyond the environmental and social benefits, a solid
economic rationale exists for the use of green roofs. The
1
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addition of soil and vegetation to a roof provides protection
and insulation which results in better performance than
conventional roof systems. As an amenity, green roofs add
value to the building and the surrounding area. On a
citywide scale, it is hard to overlook the high cost ($700
million) that Portland will pay to resolve its CSO problem. A
"front of pipe" approach such as green roofs could help
red uce those costs.
One might ask: "if green roofs have so much to offer, making
development more environmentally sound, more socially
productive and more economically viable, why aren't they
being used to a greater extent in Portland?" This document
details the results of research which indicates that a lack of
structural
information,
maintenance
concerns,
considerations and cost are the main barriers to the
development of green roofs.
•

•

•

•

2

The lack of information refers primarily to the extensive
roof-greening method which has not yet caught on in the
United States. There is a lack of familiarity with this
roofing method and its benefits in all segments of the
development community. Because extensive green roofs
are much less expensive to implement than intensive
roof gardens, this lack of knowledge presents a significant
barrier to the widespread installation of green roofs.
Maintenance concerns are most often expressed in regards
to drainage problems that lead to leakage. While real
problems do exist, research indicates that a properly
designed green roof is actually less prone to leakage than a
conventional roof.
Structural concerns are most relevant to existing buildings
which are often not designed to hold the extra weight of a
green roof. This issue relates directly to the cost barrier
due to the great expense of retrofitting buildings for this
purpose. Once again, the lack of knowledge regarding
extensive roof greening, which is much lighter in weight
and, therefore, requires less structural capacity, stands in
the way of more common implementation.
Cost has been voiced as the primary issue which
discourages green roofs. The initial costs are higher,
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Executive Summary

especially for intensive roof gardens. However, a study in
Germany estimated that the additional cost of installing
an extensive green roof would be equalized by its benefits
in 7 years and those for an intensive green roof would be
Probleme
equalized in 12 years (Himkin, 1997:
mit..4/26/95).
The conclusion reached regarding the feasibility of a
widespread implementation of green roofs is that the barriers
are not insurmountable (with the exception of retrofitting
costs for intensive roof gardens, in some cases). What is
lacking, beyond a need for the dissemination of information,
is public policy that reflects the broad spectrum of benefits
that green roofs offer. Currently the City of Portland's green
roof policy amounts to a floor-area bonus meant to encourage
the provision of roof gardens in the central city. However,
the bonus is narrow in scope and has not been successful in
achieving even its limited purpose.
Some European cities more fully recognize the
benefits that green roofs encompass and
demonstrate this in policies that require and/or
subsidize their installation. It is recommended
that the City of Portland move toward the
European model, not by requiring green roofs, but
by pursuing policies which will illuminate their
benefits and provide incentives that will help
build a local market for roof greening.
should
consider
the
Policymakers
environmental, social and economic benefits that
The Amsterdam airport has
green roofs can bring to Portland and should act on policy to incorporated an extensive green
encourage green :oofs now, before the impact of intensified roof into the design of the
development is heightened. Furthermore, the efforts of the building.
Bureau of Environmental Services, which is currently
working with Portland General Electric to research the
benefits of green roofs as means of capturing stormwater and
enhancing air quality, should be augmented by a coordinated
approach involving all relevant agencies.

--

,...
"""

--

3

.

.--,....'
.
---.
-

INTRODUCTION

,....

---

Does Portland Need Green Roofs? ......... 4

--,....

Green Roofs as a Means of Mitigation .... 5

,....

What is this Document? ........................... 6

..

--..

---

------.--
.------------------------..

-..
"....

-

-

-

,-..

-,...
,-..
,.
,.

,.-

,...

,...
,-..

... DOES PORTLAND NEED GREEN ROOFS?
If you are familiar with Portland and the State of Oregon's
Land Use Goals, you are likely aware that the Portland
metropolitan area is in the midst of an unusual American
experiment:
prescribed density controlled by an urban
growth boundary (UGB). Although cities throughout Oregon
are also managing growth with UGBs, Portland is the first of
these to feel significant effects of compact form. Its regional
population, currently approaching 1.5 million, has increased
by more than 10 percent since 1991 (Center for Population
Research and Census, PSU). More people residing on a fixed
amount of land means increased density, which is argued to
be fundamental in preventing costly urban sprawl and
preserving our farm and forest lands.

State Land Use Goab
<Soa'13~ AgricUltural

Lana: .TopreSerYe anti
maipt;ain agricultural

landS
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The policies that have been adopted as a means of protecting
the delicate natural environment which exists outside the
UGB also have an effect upon the natural resources that
remain within the city, such as our creeks and parks, and on a
larger scale, our water- and airsheds. Local streams swell
while carrying oil and antifreeze from our roads to the
Willamette River. Our parks are becoming incapacitated
with Portlanders seeking refuge from the concrete and steel
of the city, but with Measure 47 looming over the Parks and
Recreation budget we may find some of our favorite
greenspaces going without maintenance or even closing.
And while Portlanders have had to worry only occasionally
about the air that they breathe, the Willamette River is forced
to swallow our raw sewage nearly every time it rains. At the
same time, the "densification" of our city has profound
effects upon our collective psyche. Since many of these issues
are difficult to quantify, they often become lost among the
many pressing concerns of our policymakers.
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Green roofs, or roof gardens, have been suggested as one
means of helping to mitigate a number of these concerns in
Portland, but they too have been forgotten or ignored by
policymakers. Rather than discount green roofs as an
insignificant solution, it is time to take a serious look at their
potential to address the environmental, social and even
economic issues that have become more visible in the face of
increased urban density.
After centuries of urban
development, several European communities have taken the

4
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green roof to new heights and have become models for
Portland to follow. We, in the Portland community, have an
opportunity to set the standard for a nation-wide trend of
roof-greening.

--.
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Buzzwords like livability and sustainability are popular in
our community. Although we are far from being sustainable,
the majority of Portland's residents consider this to be a
highly livable city. While ocean beaches and the Cascades are
easily accessible to most Portlanders, how will our region's
quality of life issues be affected by densification/' and how
will the resulting environmentat social or economic issues
affect those of us who spend the majority of our time in the
city? With nearly 10,000 acres of parks, an expanding light
rail transit system and an exemplary network of
neighborhood associations, Portland is considered by many to
be the livable community. Today. But how livable will it be
forty years from now when the regional population swells to
2.5 million (Metro, 1994) and the city becomes more densely
developed? Green roofs can help Portland to become both
more livable and more sustainable.
The currently
underutilized rooftops in our central city can be used to meet
a variety of our needs ranging from food production to
providing spaces for urbanites to conveniently escape the
hectic streetscape.
/I
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GREEN ROOFS AS A MEANS OF MITIGATION
.-.

Admittedly, there is no simple solution for all of the negative
issues which result from a significant increase in urban
density. However, green roofs may be one piece in the
puzzle. Green roofs have the ability to at least partially
mitigate the aforementioned problems we are experiencing
in Portland, as well as a number of others depending upon
their design. For example:

-

•

-.

Studies in Berlin, Germany have shown that on average,
green roofs absorb 75 percent of precipitation that falls on
them so that immediate discharge is reduced to 25 percent
of normal levels (Johnston and Newton, 1993). Reduced
pressure on the storm-sewer system decreases the risk of
flooding and sewer overflows.

--
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•

A hectare of lawn, less than 2.5 acres, can produce a ton of
oxygen annually (Osmundson, 1990).

•

Studies show that the exposed area of a black roof can
reach approximately 190 degrees Fahrenheit, while an
equivalent area beneath grass is approximately 84 degrees
Fahrenheit (Johnston and Newton, 1993).

•

The Nature Conservancy Council (England) states that
low-maintenance wild-plant gardens on rooftops in the
UK could make an important contribution to the survival
of Britain's native plants, including rare species (Johnston
and Newton, 1993).

•

Green roofs can add as much as 10 percent to the
insulation value of a roof (Johnston and Newton, 1993).
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WHAT IS THIS DOCUMENT?
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Are you interested in learning more about green roofs and
their benefits? Would you prefer to read about their
drawbacks and about problems that have been experienced?
Would a case study of a local non-profit's effort to build a
roof garden be of interest? Perhaps you are curious to learn
about the issues that will arise if you decide to place a garden
on your roof. Are you interested in Portland's development
policies which govern the construction of rooftop gardens.
Do you have the clout to affect roof-greening policies in
Portland, but aren't sure that sound policy can be written?

If any of these questions made you think to yourself: "Yes,"
then you should continue reading. This is not meant to be a
technical document, so you need not fear academic
terminology, slanted statistics or multiple linear regressions.
This document is meant to be informative and will attempt
to apply the information that has been gathered about green
roofs in general, to the City of Portland .

Green Roofs Unlimited (GRU) is a team of four Portland
State University Master of Urban & Regional Planning
students.
Enrolled in the course entitled, "Planning
Workshop," these students were given the opportunity to

6
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The roof garden on the Pacific
Building in Portland.
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explore planning issues in this community.
After
conceptualizing this project as an effort to recognize the
significance of green roofs, GRU coordinated with
representatives from both Portland General Electric (PGE)
and the Bureau of Environmental Services (BES) whom
assisted with both financial backing and technical expertise.
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WHAT IS A GREEN ROOF?
The term"green roof" is used to describe a roof or structure's
surface that has been planted with vegetation. Green roofs
have many forms, sizes and functions. Although frequently
found several stories above ground, green roofs are also
located at ground-level when placed above structures such as
underground parking garages. While some are created for
public or private use, others are not intended for human use
at all. And while some green roofs are developed for
aesthetics or recreation, others exist primarily for their
environmental benefits.

Methods of Greening Roofs
As roof greening becomes more commonplace in
Europe, two primary methods have emerged. The
first, intensive roof greening, is most commonly
thought of in terms of the conventional roof
garden. Intensive green roofs normally consist of a
thick growing medium (10 inches or more) planted
with garden-variety plants which necessitate
artificial irrigation. These gardens which often rely
on containers to encase a soil medium, require
management and regular maintenance. Due to
thick soil mediums, heavy containers and substantial An intensive green roof on the
amounts of water, intensive green roofs typically require Harsch Financial Building in
downtown Portland.
structural reinforcement.
The second method, extensive roof greening, is designed to
require minimal watering, fertilizing and maintenance. The
extensive green roof utilizes a much thinner soil medium (as
little as two inches) and features indigenous or extremely
hardy plantlife. Due to the thin soil medium and resulting
light weight, extensive green roofs can be applied to the
entire extent of the roof. Large roofs, retrofitted structures
and roofs with slopes of up to 30 degrees have had success
with extensive green roofs in Europe. The extensive method
utilizes several layers including roof protecting materials
since it is typically applied directly upon a roof's surface.

,-..
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An extensive green roof with
significant slope may be self
draining and therefore not require a
Containerized
drainage layer.
plantings have many of the same
characteristics as planting applied
directly to the rooftop and may also
include an insulation layer around
the perimeter to help keep the soil
medium warm or cool depending
on the season.

.
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An example of an extensive

.-,

green roof, or eco-roof, on a

-.

Green Roof Functions

residential home in Europe.

-.

In addition to the two methods of roof greening, there are a
number of functions that a green roof can serve. There are
three primary green roof functions, or uses, including the
conventional roof garden, roof agriculture, and the eco-roof.
In addition to these primary uses, hybrid green roofs often
incorporate a combination of methods and functions.

Conventional Roof Garden

Terry Schrunk Plaza, a public park
in Downtown Portland, is built over
an underground parking garage.

The conventional roof garden is an intensive
green roof, the use with which most Americans
are familiar. Roof gardens are developed largely
for aesthetic purposes and to provide open space
for human use. They generally have a thick
growing medium, either in containers or on the
roof surface, which will support a variety of
ornamental plants and trees. Roof gardens tend
to be somewhat formal in design, although this
varies greatly depending on the use of the
building and the garden designer.
They
normally have an artificial irrigation and
drainage
system
and
require
intensive
maintenance.
The degree of maintenance
required can be reduced by using plants which
respond well to the unique conditions and micro
climate of the particular roof.

-.
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Conventional roof gardens are often found in intensely
developed areas with high land costs and limited access to
natural open space such as the central city. In a slight
variation from the usual application, the ground-level roof
garden commonly utilizes space above underground
structures (e.g. parking lots). Ground-level roof gardens
exhibit the same characteristics as their elevated cousins,
although they often utilize deeper soils which can support
large trees and shrubs.

-.
.

-.

.,-.

Most conventional roof gardens that have been identified in
the City of Portland are on private terraces of office towers,
however there are also several ground-level gardens. Few
residential roof gardens have been identified in Portland.
They are more common in cities with higher densities such a
Vancouver, B.C., San Francisco and New York.

Roof Agriculture

,-.
,,-.
,-.

,-.
,,-.

Roof Agriculture, like conventional roof gardens is
another function of the intensive green roof.
However, its main focus is food production.
Agriculture in urban areas has traditionally taken
place in community gardens, seeking to take
advantage of limited space to produce fruits and
vegetables.
In Portland, infill development is
beginning to force our community gardens to search
for alternative gardening locations such as on roofs.

.

.-

.-
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Canada, the United States and Europe have seen increasing
use of rooftop space for agriculture. Roof agriculture is often
accomplished with containers rather than utilizing a
medium loaded directly onto the rooftop. These containers
frequently consist of either shallow troughs, or pails and
buckets of varying sizes. Roof agriculture is labor intensive
due to the daily watering requirements and the time it takes
to care for food producing plants. Because food production is
the main intent of the garden, it tends to be more functional
and less decorative than conventional roof gardens, and
containers are often recycled from other uses with less
attention being paid to aesthetics.

-
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-

,

10

Herbs being grown at the
Culinary Institute in
downtown Portland.
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The effect of air pollution on produce grown on rooftops is
often raised as a concern. It is unlikely to have any influence
on the safety of the crops, according to David McLaughlin, the
Phytotoxicology Coordinator at the Ontario Ministry of
Environment and Energy, as the data indicates that most of
the toxins collected by plants come from the soil rather than
the air. Unless there is a nearby industry or other point
source of emissions (e.g. a hospital incinerator) there is no
reason to be concerned about contamination of urban
produce from air pollutants (St. Lawrence, 1996).
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The Eco-roof

European eco-roof on an
apartment building.

Eco-roofs are an extensive green roof function
which, in contrast to roof gardens, are not
intended for recreational use by humans.
Instead, the eco-roof is' utilized for its
environmental benefits. Eco-roofs, which are
not as common in the United States as they
are in continental Europe, have several
unique characteristics.
They are typically
comprised of a continuous thin growing
medium which sustains low-maintenance
vegetation over an extensive area. Eco-roofs
have the ability to mitigate environmental
degradation in intensely developed areas. Due to the thin
and lightweight growing medium, eco-roofs require little
additional load-bearing capacity and are therefore suitable for
large roofs.
A key selling point of the eco-roof concept is its self
sustaining character. Eco-roofs require little water and
generally no fertilizer, necessitating minimal maintenance.
Unlike conventional roof garden designs which often
include parapet walls or buffering type vegetation around the
periphery of the roof, eco-roofs do not incorporate such
characteristics. Thus, it is necessary to choose vegetation
which is durable enough to withstand natural elements such
as wind, sun and drought. Furthermore, eco-roofs do not
require horizontal roofs as roof gardens do. If properly
designed, eco-roofs can be placed on roofs with slopes of up
to 30 degrees (Johnston and Newton, 1993).
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Example of the layering methods
used in the extensive neeo-roof"
design.
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GREEN ROOF EXAMPLES FROM THE WEST
COAST
The examples presented in this section are primarily
conventional roof gardens the mat.y green roof function
utilized in the United States. While there are a few examples
of roof agriculture, only one eco-roof was located. These
examples are included to highlight local rooftops and to
illustrate the different forms in which green roofs occur .
Furthermore, it is hoped that these examples will draw your
attention to a number of green roofs which can be explored in
our community.

Portland, Oregon

.
.

--

.

.-

12th & Salmon Building. This conventional roof
garden is accessible from the penthouse office on the
6th floor which is occupied by Harsch Investments.
The garden occupies two sides of the perimeter of the
building and consists of small trees and shrubs,
flowers and ground cover planted directly on the
rooftop or in boxes. Outdoor sculpture is displayed in
the garden and walkways are provided with square
paving stones. Tenants and birds take advantage of
this natural refuge .

.

.
.

.

--,....
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Bank of America, 1st & Columbia. This is ground
level roof garden, above underground parking,
providing a landscaped area which frames the main
entrance. It consists of mature trees shrubs and
groundcover.

Bank of America Financial Center, 121 S.W. Morrison
St. Constructed in 1987, the building and conventional
roof garden were designed by Zimmer, Gunsul and
Frasca. The roof garden is on the fourth floor of the building
facing south and is approximately 1500 square feet. The
primary users of the garden are lunch time employees,
whom have expressed their delight in having the outdoor
space at work. However, survey results found that many
people were not aware of the garden's existence. The garden

13
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utilizes a soil medium loaded directly on the roof.
landscaping includes rose bushes, rhododendrons
various other flowering shrubs. Two tables are accessible
rock path that meanders from one entrance through
garden to another entrance at the opposite side.

-------.
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Columbia Square, 1st & Jefferson. Access to the roof
garden is limited to the users of the building, however,
the top of a parking garage on the block north of the site
offers a good view. The 7th floor is the larger of the two
terrace levels and consists of grass, small shrubs and trees,
both in the "ground" and in planter boxes. This garden
has had no leaking problems. The 8th floor terrace,
however, has had problems with leakage around the
skylights.

-.

Crown Plaza, 1st & Market. There are two terrace gardens
on the 2nd and 3rd floors, both retrofits from previous
terrace patios without greenery. The 2nd floor terrace was
installed by the Pope and Talbot Company. It consists of a
grass area, edge planter boxes with shrubs and additional
planters with evergreen trees. The 3rd floor terrace is
similar to the 2nd floor, however it has additional tree
plantings in dirt "mounds" that sit directly on the
concrete (Rieck, 1996).



Culinary Institute, 1316 SW 13th. There are approximately 15
large containers used to grow herbs for use at the Institute.
While not the most aesthetically pleasing, this is a local
example of roof agriculture. Containers have been placed on
wood pallets to displace their weight. Access to the rooftop is
currently limited to a window.

14
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Green Roof Examples

Federal Courthouse, 3rd & Salmon. Three roof terrace
gardens are included in the design of the new
courthouse, currently under construction.
The
gardens are on the 8th, 9th and 16th floors. The 8th
floor has only edge container plantings of small
shrubs, while the 9th floor, which will be open to the
public, boasts a large garden with trees and a fountain .
The 16th floor terrace has not yet been planted. It will
be accessible from the judge'S chambers and is meant
primarily for their use.

lone Plaza, 1717 SW Park. lone Plaza is an apartment
building on the PSU campus. One of the Plaza's selling
points is its rooftop garden, although it is unclear whether
the garden actually attracts new tenants. Currently, this roof
space is not being utilized as much more than a sundeck.
The roof is covered with decking, and is surrounded by a
chain-link fence. Unlike a more formal rooftop garden, this
space has about a dozen planter boxes, which house a variety
of plants and shrubs ranging from roses to small Japanese
Maple trees. This garden space is private, utilized primarily
by residents of lone Plaza. The roof is accessed by taking the
elevator to the "Penthouse" floor. Unfortunately, the roof is
not easily accessed by wheelchair since the doorway to the
roof utilizes a concrete barrier as a means of preventing water
on the roof from entering the building.

Market Building, 200 SW Market. The two garden terraces
are on the 1st and 2nd floor of the office building, above the
ground level retail. The upper level was installed with the
building, while the lower level was a retrofit to enhance the
aesthetics of the building. Both levels consist largely of
lawn area, edged with ivy and shrubs. The lower level is
open to all office tenants and is accessible from the street. A
botchi-ball court occupies a portion of the space during the
summer. Cushman Wakefield has exclusive access to the
upper terrace which differs from the lower level in the
presence of mature birch trees in the center of the lawn.

.
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Marriott Hotel, 1st & Clay. This roof garden is small but
beautiful. Located on the back-side of the Marriott, this
garden is bisected by a 3rd floor walkway from the adjacent
Crown Plaza. This garden has trees of significant size and
small shrubs. The trees are a mixture of pine and deciduous
varieties, giving the garden a year-round green influence and
a colorful burst in the fall season.

Metro, 600 NE Grand. Planter boxes filled with vegetation
surround the perimeter of the building's north entrance.
Metro has had some problems with this conventional roof
garden during periods of excessive rain. The drainage system
was not planned well and, as a result, water saturates the
planters and occasionally leaks into the building. Indigenous
species were recently added to the planters.
Pacific Building, 5th & Yamhill. This roof garden, located on
the 11th floor penthouse terrace, opens up a great view of the
southern Portland skyline. The garden is open to all building
tenants, however several offices occupying the penthouse
spaces have direct access to the garden area. The terrace has a
brick surface with perimeter planters and a fountain. Tables
are provided in the central area.

Pacwest Center, 5th & Madison. There are two
terrace roof gardens on this building. Key Bank
has exclusive access to the larger 3rd floor garden
that has large concrete containers which are
planted with trees, shrubs and other ornamental
plants. The garden is heavily planted giving it a
lush character. The 25th floor terrace garden is
planted with more hardy wind-resistant plants
due to the harsh environment at that height.
These plants are also containerized.

Pioneer Tower, 4th & Taylor. The 4th floor terrace garden
consists of larger-than-average planter boxes with small
shrubs and ground cover. The garden area looks out onto a
gravel sculpture (Rieck, 1996).

16
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Green Roof Examples

----

Portland Plaza, 5th & Clay. This is one of the few residential
roof gardens identified in Portland. It is above the parking
garage at the same level as the building entrance. The garden
surrounds the base of the high-rise tower and includes trees,
large shrubs and other ornamental plants and a swimming
pool.

-

Standard Insurance Center, 5th & Taylor. This large
container garden is located on the 2nd floor toward
the back side of the building (4th Ave) and is
accessible directly from the street. The large trees
which are green year-round have a great presence
both from within the garden and from the street.

-
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Standard Insurance Plaza, 5th/6th & Main. There are
large ground-level containers on both the 5th and 6th
Avenue sides of the building which are above an
underground parking garage. The 5th Avenue container is at
the same level as the sidewalk and is planted with small
shrubs and flowers. On the 6th A venue side of the building,
there are two large planters below the sidewalk level. The
plantings consist of small bushy trees and ground cover and
there is a fountain in the center of each planter. A high level
of bird activity can be witnessed at this space, perhaps because
it is somewhat removed from human activity.
Terry Schrunk Plaza, 3rd & Madison. This is a well
known park in downtown Portland, constructed in
the 1970's above an underground parking garage.
The park is one city block in size and has an
amphitheater design of concentric grass levels and a
center brick area. The edge of the park is buffered
from the street by large trees and shrubs.

US West Building, 1900 SW 4th. The building, located at the
corner of 4th and Hall, has an enormous green roof above the
facility's parking garage. Near the entrance to the building
(on 4th) there are two large, circular planters with maturing
trees. And, on the southeast side of the building there is a
substantial private courtyard/garden, which may also be a
green roof. However, the primary roof garden at this site is
located south of the facility. This large grass area, about the
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size of a football field, slopes down to the facility from south
to north. There are pines along 4th, and birch planted along
the eastern edge of the field. The grass is extremely lush and
healthy. If you are having any trouble finding the site, look
for the orange-tile cylinder (about 25 feet tall) at the southern
end of the green roof.
World Trade Center, 1st/2nd & Salmon. There are two street
level planter areas above parking and storage areas. They
consist of large flower beds and five foot deep tree wells that
are planted with maples. These planters have experienced
problems with root competition and drainage which has
resulted in leakage and the death of some of the trees.

,-.
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Seattle, Washington
Freeway Park, Downtown.
This roof garden,
overlooking 1-5, takes advantage of what is often wasted
space, to create a beautiful park and walking path. The
garden is planted with trees shrubs and lots of ivy which
spills over the sides to intrigue the drivers below. The
park provides a pedestrian link between downtown
shopping areas and the convention center.
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University of Washington Campus, NE Seattle.
Between the campus and hospital, the University of
Washington has more than 10 roof gardens. These
range greatly in size and function, from the expansive
garden with soil depths up to 8 feet over the Triangle
parking garage to small pocket gardens nestled in comers
of the Medical center. The University uses roof gardens
to maintain the beauty that greenery and open space
brings to the campus as it continues to grow in a limited
space. Some highlights to look for include:
The Physics Building, shown to the left, is a very simple
design of grass and trees in 6-8 feet of soil. Students take
advantage of this space at the entrance of the building to
socialize or study outdoors;

18
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Green Roof Examples

--

The Bagley Chemistry Building, shown to the right, is
designed with a Mediterranean theme and edge
plantings include aromatic herbs such as lavender and
rosemary.
Both were designed by Murase and
Associates of Portland, Oregon .

--

San Francisco, California

--
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Raphael House, Tenderloin District. Used by the families
whom are temporarily sheltered at Raphael House, the
garden meets the needs of both children and adults. The
children's area has a sand box, slide and playhouse, as well as
planter boxes where they grow flowers, fruits and vegetables.
The adult area is situated for supervision of the children and
has plenty of sitting space and planter boxes .

.
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Woolf House, SOMA (South of Market) Neighborhood. This
roof agriculture garden is used by the elderly who live in this
subsidized residential building. Approximately 40 of the 200
tenants garden, most of which are women. The ethnic
diversity of the gardeners has brought a wonderful variety of
plants to the roof and adds purpose and accomplishment to
their lives, as well as a link to their past.

Kaiser Center, Oakland. Designed by Theodore Osmundson
and constructed in 1960 on top of a 4-6 story parking garage,
this English-style garden covers 3 acres with expansive lawns,
flowers, shrubs and trees. The garden also includes a pond,
benches and pathways for strolling It primarily acts as a
resting and lunch place for office workers. The long-lived
success of the garden has partially been attributed to the fact
that it was not initially overplanted. Thus, the plants were
able to grow and mature naturally without competition
(Talley, 1997) .
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Vancouver, British Columbia
Robson Square. According to Cornelia Oberlander, the
landscape architect of Robson Square, the basic concept of
the green roof was to re-inject nature into the city. It is a
public park in the midst of a busy shopping district and is
built above offices. Robson Square has numerous green
roofs in different sizes and types. The design of the green
roofs was intended for its primary users: people Ii ving
and working downtown. Robson square has become a
landmark in the City of Vancouver and is a popular
visitor destination.

Library Square. Also designed by Cornelia Oberlander and
built only two years ago, Library Square is one of the few
eco-roof examples in the Pacific Northwest. Its primary
purpose is to offer a natural view in a dense urban
environment to the users of neighboring buildings. The
vegetation species were chosen to reflect the seasons of
the year and to require minimal maintenance.
The
growing medium is a lightweight compost made from
vegetable waste which is collected from Vancouver area
restaurants.

-.

-

-.,

-.

-.

-



-.
-.

--

-

-.
-.

-.

-.
-.

-.

20

-.

,
,-
--

----,

--

BENEFITS
Environmental Benefits.............................. 21
How Much Roof Space Exists in Portland? ....23
BES Eco-Roof Project............................................ 29

-

,
,--

Social Benefits............................................ 30

,

Econo.mic Benefits...................................... 32

,
--

-,--
--

---

-

--

----

---

---

-

--BENEFITS

---

.-
----

--

----

-----

--

-.

---

-.

-----

-.-

If green roofs did not have the potential to offer Portland a
variety of benefits, you would not be reading this document.
It would not exist. This information is being conveyed
because green roofs can, in fact, provide our community with
an impressive array of environmental, social and even
economic benefits.

There is a growing urgency that we recognize these benefits
and take action. As you will notice, there is a significant
amount of land being utilized for surface parking which will
likely be redeveloped in the near future. By implementing
appropriate policies now, green roofs could begin to
proliferate as these properties become building sites, and the
city and its residents could begin to realize the associated
benefits.

Environmental Benefits Associated with Green Roofs
If you were here last year it would have been difficult to miss
"The Flood of 1996," but did you know that
Portland's air quality reached unhealthy levels
(over 100 on the Air Pollution Index) three
times during the summer of 1996, perhaps
indicating a reversal of a decade-old trend of
improving air quality? Does it alarm you that
the urban heat island effect, a result of
impervious surfaces, heat and pollution, may
increase our city's temperature by as much as
two degrees Fahrenheit per decade, promoting
an increase in electricity consumption (not to
mention a number of additional ecological
ramifications) in an effort to cool buildings?
Not that electricity is scarce in our region, but
recall its source and the effect that coal-burning
power-plants have on our airsheds and
damming our rivers has on salmon. By the
way, are you aware that Portland's combined
sewer system flushes an estimated 5.25 million
gallons of untreated sewage into the Columbia
Slough and Willamette River every year? Yes,
the same river that we have considered tapping
for drinking water.

UPA L\BRARY
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The effects of the Flood of
'96 on downtown Portland.
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Green roofs will help make our community more sustainable
and livable, in general. Additionally, a number of specific
environmental benefits have been documented which
indicate that green roofs would be a welcome addition to
Portland's skyline. Some of these include water retention,
energy conservation, improved air quality, reduction of the
urban heat island effect, and the creation of urban wildlife
habitat.
Stormwater retention

There are several reasons which may help to answer the
question, "Why would we want a roof to retain water?" One
of Portland's primary concerns is the Combined Sewer
Overflow (CSO) situation. While much of Portland is
facilitated by a modern sewage system that features two sewer
lines, one for stormwater runoff and one for household
waste, many of the neighborhoods built before 1960 are
serviced by a single line. Sewage in the combined sewer
system drains to one of 55 outfall stations which are located
along the Willamette River and the Columbia Slough.
Under ideal conditions (i.e. very little or no stormwater),
household sewage is separated at the outfalls and drains to a
wastewater-treatment facility. However, when it rains in
Portland and stormwater is carried to the outfalls, household
sewage cannot be separated and is forced into both the
Willamette and the Slough. Bureau of Environmental
Services (BES) documentation states that only 3/10 of an inch
of rain is necessary to cause a CSO.
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By utilizing cost-effective means, such as disconnecting
downspouts on buildings along the Slough, BES has reduced
the annual CSO from six billion gallons to approximately 5.25
billion gallons. Is it necessary to reduce the CSO even
further? The Department of Environmental Quality has
mandated a CSO reduction. In fact, taxpayers are spending
$700 million (in 1993 dollars) to solve Portland's CSO
problem. Bacteria from raw sewage is extremely unhealthy;
note the signs at parks along the Willamette which state:
WARNING SEWAGE, A void Contact With River After
Rain.

--.

Green roofs have the ability to absorb rainwater before it
incapacitates the combined sewer system and causes a
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combined sewer overflow. A portion of this rainwater will
remain in the soil medium and be utilized by plantlife, while
the remainder will either evaporate or discharge slowly into
the sewer system. Additionally, green roofs absorb pollutants
from rainwater. Heavy metals and nutrients in rainfall are
bound in soil instead of being discharged into groundwater,
streams and rivers. Studies have found that green roofs can
remove over 95 percent of cadmium, copper and lead from
rainwater, as well as 16 percent of zinc. Nitrogen levels also
fall dramatically (Johnston and Newton, 1993).
The depth of the planting medium, type of vegetation and
area of coverage all affect the ability of green roofs to intercept
and filter rainwater. While conventional roof gardens with
deeper soils and leafy plants have a higher capacity to retain
water, they normally cover only small areas. Eco-roofs, on
the other hand, have shallow soils covering large areas
which increases their absorption capacity.
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Energy Conservation

Green roofs can help to insulate buildings which reduces
heat-loss during colder months and can help to keep them
cooler during warmer months. The insulation benefit varies
depending upon an individual roof and its planting medium
which can vary in proportions, materials and moisture
content (Osmundson, 1990; Walter, 1992). In general, green
roofs can add as much as 10 percent to the insulation value of
the roof (Johnston and Newton, 1993).
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Air quality and the Urban Heat Island Effect

Heat and air quality
have
an
intimate
relationship in urban
areas. The burning of
fossil fuels releases CO2
into the atmosphere
which traps heat and,
in turn, leads to smog.
Without a breeze to
push the polluted air
away from the city, the
problem intensifies as
temperatures increase.
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The combination of impervious surfaces,
automobiles and summer sunshine is
enough to trap Portlanders beneath a layer
of brown, unhealthy air. Green roofs can
add vegetation which can help to mitigate
poor air quality. By increasing the city's biomass, oxygen
levels increase while CO2 levels decrease. A hectare (2.471
acres) of lawn, which is similar to an eco-roof, can produce a
ton of oxygen annually (Osmundson, 1990).

Buildings in Europe, with
large amounts of rooftop
vegetation such as this,
reduce the .urban heat island
effect conslderably.

Plants act as natural filters and help to remove dust and air
borne particulates as well. Leaves account for most of the
captured particulates. Coniferous trees perform particularly
well. In fact, trees in a parkland setting have been found to
filter up to 85 percent of suspended particles, although this
drops to approximately 40 percent for deciduous trees when
they lose their foliage. And, streets with trees have been
found to contain only 10-15 percent of the dust found on
similar streets without trees (Kuhn, 1995; Johnston and
Newton, 1993). This suggests that green roofs which contain
trees and other vegetation with high volumes of foliage are
most effective for cleaning air. Of course, the amount of
coverage and the corresponding volume of vegetation is
highly influential.

-.

-.

In addition to helping to keep our air clean, green roofs can
help to lower summer temperatures in the city. Cities are
generally a few degrees warmer during daylight hours than
the surrounding countryside. Hard surfaces absorb and store
heat from the sun, and rooftops are especially susceptible to
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absorbing solar radiation. It has been shown that the exposed
area of a black roof can reach 190 degrees while an equivalent
area beneath vegetation is only 84 degrees (Gotze, 1988).
While streets, rooftops and similar impervious surfaces
conduct heat faster than vegetation and act as reflectors, green
roofs contribute to the vertical mixing of air as the
temperature above them tends to be lower than that of the
surrounding built area. Warm air above hard surfaces rises
and is replaced by this cooler air, thus reducing the heat
island effect. (Johnston and Newton, 1993). By reducing air
pollution and mitigating the urban heat island effect, green
roofs can help to keep Portland's airshed clean and cool
throughout the summer months.
Habitat
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Green roofs can provide much-needed
wildlife habitat. Although roof gardens can't
be expected to attract deer, bears or coyotes,
all of which are finding fewer natural areas
to call home, green roofs can provide habitat
for birds, insects and worms, etc. Insects
such as bees and butterflies can be attracted to
roof gardens provided there is a good source
of nectar. Studies have shown that squirrels and birds
(including woodpeckers and blue jays) have been found as
high as 19 stories, while butterflies will visit gardens located
as high as 20 stories and bees can reach the 23rd floor. And,
soil will provide a home to spiders, earthworms, beetles and
ants. The number and types of birds and insects will depend
upon the amount of greenspace around the building which
attracts them eventually to the roof, as well as the presence of
water, shelter and food sources. (Johnston and Newton, 1993).
Conventional roof gardens tend to provide the best habitat
for wildlife due to the greater amount of shelter and food
sources available.
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Additional concerns
It is important to recognize that the use of pesticides and

fertilizers reduce the environmental benefits associated with
green roofs. According to the City of Portland Stormwater
Program, I/[t]he most common way pesticides and fertilizers
get into our streams and rivers is by being washed by a big
28
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rainstorm after they have been applied." And, "[f]ertilizers
contain phosphorous, which is the nutrient of greatest
concern in stormwater runoff. It is usually the nutrient that
creates weed and algae growth in our streams." In order to
avoid the hazardous effects of pesticides and fertilizers in our
streams and rivers, rooftop gardeners should utilize
environmentally sensitive products if their gardens require
nutrient enhancement or protection from pests .
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A group touring Ecover's eco-roof in Europe.
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Social Benefits Associated with Green Roofs
Though the environmental benefits derived from green
roofs are impressive, the social benefits are also significant.
Individuals who live and work in an urban environment
often long for space that provides both a sense of security and
the tranquillity of nature. Green roofs provide this and
more.
One of the most important benefits associated with green
roofs relates to the need to create and promote sustainable
cities. Sustainability refers to "development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs" (UN
Commission on Environment and Development). Green
roofs contribute to sustainability by mitigating the negative
impacts of development, thereby contributing to the quality
of life experienced by present and future generations.
As urbanized land becomes more dense, access to green
spaces will become increasingly limited, even in Portland.
Green roofs provide additional green spaces within the urban
environment which are conveniently located and, in the case
Furthermore, green roofs
of private gardens, secure.
improve views by adding a natural green element into the
"sky-scape. "

Both visual and physical exposure to nature is a vital
component of healthy living. Nurturing a garden or
experiencing green environments has been shown
to have important psychological benefits to the user,
including slowing down heartbeats, lowering blood
pressure and relaxing brain wave patterns.
Similarly, patients in hospitals with views of green
views of greenery recover sooner than those with
views of brick walls (McPherson, 1994). Building on
the premise of Horticulture Therapy, which seeks to
Good Samaritan Hospital, in
facilitate
patient recovery through the non-threatening
Northwest Portland, provides
media of plants, green roofs can bring purpose and a sense
a green view for recovering
of accomplishment to the lives of urban gardeners
patients.
(McDonald,1985).
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Roof agriculture offers an additional societal benefit of fresh
produce at a nominal cost. In areas with high rates of
poverty, roof agriculture can offer an opportunity for a better
diet, lowering malnutrition. It can also create jobs and
provide a source of income for individuals with little capital.
Green roofs have the potential to fulfill a need for additional
recreational gardening space in Portland. According to Leslie
Pohl-Kosbau of Community Gardens, approximately 30 to 50
people from downtown Portland travel to other community
gardens outside of their downtown neighborhoods. This
includes people from both high and low income groups and
individuals with disabilities.
Finally, a common good, like a green roof, adds to
community building in a physical environment by allowing
users to get to know their neighbors. Roof gardens provide
an ideal situation for getting people out of their homes and
around their neighbors where relationships can develop. A
green roof will have a direct impact on a community because
of the healthy environment it creates and the spirit of
cooperation that results.

.
--,-.

-,

~,~~W~~gmg "

--.,..-
---

.--

31

Greening Our Cities

-

-

Economic Benefits Associated with Green Roofs
It is important to point out that green roofs have a number of

economic benefits, as well as environmental and social
benefits. In order for it to be feasible for green roofs to be used
at a level that will make an impact, it is critical that the
development community, building owners and policymakers
understand the economic rationale behind green roofs.
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The economic benefits of green roofs come in different forms:
the more subjective value of the amenity they provide and
the more objective improvement in building performance.
Furthermore, benefits accrue directly to the developer and/or
building owner as well as to the city or region as a whole.
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Economic Benefits for the Building
Amenity benefits are difficult to quantify. However, it is
believed in the Real Estate industry that a view and
convenient access to open space are elements which greatly
increase marketability and property value. Green roofs offer
both of these amenities to a building. As cities densify and
private or semi-private open space becomes more scarce,
green roofs will become an important factor which sets one
building apart from another, leading to increased rents and
higher occupancy.
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In an effort to estimate the market value of green roofs,
leasing agents and building managers at sites with roof
gardens in Portland were interviewed. No hard numbers
were obtained, however all respondents indicated that roof
gardens help lease tenant space which helps to reduce
vacancy rates, and that they are considered an amenity which
is factored into the lease rates of the building.

Eco-roofs, which are generally not for human use, can also
add amenity value to buildings both by enhancing views
from upper floors or by blending the building with its
environment (Johnston and Newton, 1993). Eco-roofs are
often used on buildings located in outlying areas of the
United Kingdom to comply with planning requirements that
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development blend into the surrounding environment.
Through their aesthetic appeal, green roofs expand
opportunities for potential building sites, thereby bringing a
competitive advantage.
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Beyond the value that green roofs bring to a building in
terms of its visual attractiveness and access to nature, they
also have been shown to out-perform conventional roofing
systems.

Green roofs can dramatically increase the lifespan of the roof.
Soil, vegetation and decking protect the roofing membrane
from extreme temperature variations, UV radiation and
everyday wear and tear. An average flat roof has a life
expectancy of 10-15 years and it has been found that a green
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roof can last over three times that long (Johnston and
Newton, 1993).
Temperature fluctuations cause the
roof materials to expand and
contract which causes damage over
time.
As the table
illustrates,
studies have shown that the extent
of temperature fluctuations is much
more extreme on bare roofs than 0 n
vegetated roofs.
A gravel roof
performs better than a bare roof, but
still can experience temperature changes of 20 degrees more
than green roofs. With the added layer of soil and plants, the
roofing membrane is not directly exposed to damaging
elements such as UV radiation, which can cause
waterproofing to breakdown, and ice and snow which can
cause erosion damage and fractures of the roof surface
(Johnston and Newton, 1993; Himkin, 1997).
Green roofs can add as much as 10% to the insulation value
of the roof and therefore reduce heating and cooling
expenses.
The reduction of temperature extremes, as
discussed above, improves the energy balance of the building
itself. The addition of the vegetation, planting medium, and
protective layers further contribute to insulating the building.
Green roofs also provide a degree of acoustic insulation
(Johnston and Newton, 1993, Gotze, 1988).

-
--

-.

 -

-
'""

-

--

--,


-.

----.

-....



-.-.

-.

---.

--.

--.

-.

-.
34

---Benefits

..-.
,-.

.......

~

--

.
.

:

......

.,...
,-.
,-.

Economic Benefits for the City and Region
Green roofs add to the livability of the city. Livability is
difficult to describe and even more difficult to quantify. In a
short description, livability is a result of all of the factors that
makes a place more healthy, friendly and attractive to people.
Green roofs of all types improve views, access to open space
and environmental-health, making the city more livable. In
turn, livability spurs growth in population, business activity
and tourism which all contribute to a healthy economy.

A more direct financial benefit to the city is found in the
ability of green roofs to ease the demand for storm sewer
capacity, thereby reducing the costs associated with upgrading
infrastructure, flood prevention and subsequent clean-up.
Using current methods, the City of Portland will spend $700
million (1993 dollars) to upgrade the storm sewer
infrastructure to the point that it meets DEQ standards for
reducing combined sewer overflow outputs. A study in
Stuttgart, Germany demonstrates the potential that green
roofs have in mitigating stormwater problems in a cost
effective manner. This study estimated that a 15 to 20 percent
increase in green roofs could have lowered sewage pressure
by 15 to 20 percent which would have cut the cost of
stormwater damage by one-half over a 20 year period
(Osmundson, 1990).
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Green roofs can offer our community a wide array of benefits.
•

They enhance the natural environment by absorbing and
filtering rainwater, cooling urban heat islands and
cleaning the air we breath, and adding pockets of nature
which allow wildlife to co-exist in an urban setting.

•

Green roofs give people much needed access to
greenspace, space to grow food and places to recreate.
They are places to build pride and be part of a community.

•

Green roofs make sense economically. They perform
better than conventional roof systems while adding
amenity value both to the individual building and the city
as a whole. Furthermore, green roofs are a means to
approach our stormwater (CSO) problems in a more cost
effective "front of pipe" manner.
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GREEN ROOF CONSTRUCTION:
ISSUES AND CONCERNS
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GREEN ROOF CONSTRUCTION:
ISSUES AND CONCERNS
It should be evident that the benefits green roofs offer are

significant. However, there are a number of issues and
concerns that arise in the process of developing a green roof.
It is important to be aware of these issues prior to committing
time, effort and money into implementation. Whether a
house in the suburbs or a downtown high-rise, every site has
unique physical characteristics and is constrained by various
regulations. Additionally, every structure has a limit to the
amount of weight its roof can sustain.
This
section
addresses
regulatory
and
technical
considerations, climatic elements, costs, and management
and maintenance
concerns related to green roof
implementation. The following section will apply these
issues to four case-study sites in Portland.
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Regulatory and Technical Considerations
Portland Codes:
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Development of a green roof is governed in part by the City
of Portland's code requirements. These requirements are
overseen by three different public agencies in the city; the
Building, Planning and Fire Departments.

Building Bureau
The Portland Building Code regulates the construction of
buildings in Portland, including green roofs. One of the first
requirements is to prove that your building will be
structurally sound with the proposed green roof design.
Therefore, completing a structural evaluation is the first step.
Following the completion of this evaluation, a Plans
Examiner at the Building Bureau will review the proposal to
determine if it meets specific criteria. According to Jim
Harris, Chief Plans Examiner of the Portland Bureau of
Buildings, the Building Bureau will review the proposal
against the following criteria:

-37
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Guard Rail: A 42 inch guard rail is required to surround the
roof. The purpose of this requirement is to provide a safe
place for the users of the green roof.
Exiting Requirements: The ability to evacuate the occupants
of a space is a primary concern of the Building Department.
Depending on the rooftop's occupant load there are specific
access requirements which must be met. The number of
required entrances/exits depends on the size of the green roof
and whether or not people will have access to it. Fortunately,
eco-roofs are not required to follow the same exiting
requirements as intensive roofs are due to the lack of human
use. As long as the use of eco-roofs is limited to only periodic
maintenance, they are not required to have an exit.
Conversely, conventional roof gardens are classified as an
occupied space, meaning that people use them, hence exits
are required.
If the occupant load is 50 or greater, two exits from the roof
are required. However, there are exceptions to this rule. If

the building is one story, only one exit is required regardless
of the occupant load. If the occupant load is under 50 and the
roof is immediately above the first floor, then only one exit is
required. But, this exit must lead directly to two other exits
on that floor.
Only stairways act as appropriate exits.
However, an appeals process is available to gain approval for
fire escapes which has a relatively high approval rate.

Load Capacity: Each building has a dead load and a live load
classification. The dead load is the roof's weight with no
additional elements on it. The live load is the weight of the
roof when considering what it is supporting (e.g. plantings,
people, equipment). If considered an occupied space, as is the
case with conventional roof gardens, a minimum live load of
100 pounds per square foot is required. Since an eco-roof is
not classified as an occupied space there are no pre
determined live load requirements. Generally speaking, due
to the lightweight characteristics of eco-roofs, there should be
minimal problems with the rooftop's structural load. The
easiest way of obtaining a building's live load rating is by
examining the building's structural building plans. If the
building was constructed in 1970 or later, these plans can be
accessed via microfilm at the City Planning Department. If
the building was constructed prior to 1970 and the plans
38
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Issues and Concerns

cannot be located, it is necessary to hire a certified structural
engineer to complete an on-site assessment of the roof.

-

Additional Concerns: Green roofs which will be used as an
occupied space have to meet the same ADA and seismic
requirements as any other occupied space.

--

Planning Bureau

--

The Planning bureau will evaluate a green roof for a number
of reasons, such as to make sure the building height is wi thin
legally prescribed limits, or that the vegetation does not
disrupt the view of neighbors.

---

Height: Current zoning requirements limit the height of
buildings throughout the city. The addition of a green roof
should not be a concern with regard to the height of the
building unless the design calls for a permanent, covered
area.
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Elements on a rooftop: The Planning code also governs the
allowable size of elements on a rooftop, including vegetation,
which varies according to zoning. For instance, rooftop
elements in the CX (Central Commercial) zone need to be less
than five feet in diameter and are not to exceed five feet of
the highest point of the roof. This regulation is rarely an
issue unless views from an adjacent building are obstructed.
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Design Review: A green roof, like any other development
proposal, is subject to design review if it is located in a design
review overlay zone. The design review of a green roof will
generally pass expediently unless the design calls for a
permanent covered structure to be located on the rooftop.

-Fire Bureau

"...

--

.-

The Fire Bureau's primary concern is to maximize the safety
of the users of the green roof and to minimize the likelihood
of a fire occurring on the rooftop.

--~
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Exiting: As is the case with the Building Bureau, one of the
Fire Bureau's main concerns is the need for adequate exits
from the rooftop. The Fire Bureau's exit requirements are
identical to those of the Building Bureau.

-
-

Presence of Water: In addition to exiting concerns, the Fire
Department requires that all occupied space (including a
rooftop) be equipped with an operating standpipe on
buildings four stories or higher. Standpipes supply fire hoses
with water in the event of a fire. According to Rich Butcher,
Senior Plans Examiner of the Portland Fire Bureau, almost
all buildings in Portland, new and old, are currently equipped
with a standpipe on the rooftop.

-

Fire resistant materials: Another element which the Fire
Department reviews is the use of fire resistant materials.
These materials will vary depending on the building's
construction type. Untreated wood shingles and shakes and
other combustible materials are not allowed. Some plants
may not be suitable from a fire hazard prospective.
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.-'





-
-.

--.

Climatic Elements

--

When designing a green roof, the site's micro-climate should
be considered. There are four climatic elements which
should be addressed during this stage including the degree of
sun/ shade, wind exposure, average precipitation, and
temperature. Knowing and designing for the micro-climate
of a site will greatly enhance the health of a green roof. The
vegetation type should be able to withstand the climatic
elements affecting the rooftop.
Along with selecting
vegetation which is compatible with the site-specific
characteristics, strategic placement of vegetation and other
objects can reduce the affect of climatic issues.
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Sun & Shade: The amount of sun and shade a site will
receive varies throughout the year. Some rooftops in a dense
downtown setting will likely receive very limited direct sun
exposure due to the surrounding built environment. Some
will receive 100% sun exposure.
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Wind: Wind affects green roofs in two ways:
it damages fragile plants and it dries out the
soil. Wind currents and velocity vary greatly
from one site to another. For instance, a green
roof on the 20th floor of a building in the heart
of downtown Portland will likely experience
much different wind conditions than one on the second floor
of the same building. Some potential remedies for excessive
wind conditions include placing parapet walls around the
rooftop, planting hardy shrubs and hedges around the site's
periphery or utilizing lattice or glass screens. Methods to
mitigate drying problems associated with wind include the
use of mulch, which keeps soil covered thereby inhibiting
water evaporation, and the use of underground irrigation
which disperses water directly into the growing medium.
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Precipitation/Temperature:
Since
precipitation and
temperature fluctuate throughout the course of a year,
appropriate vegetation must be selected.
Generally, by
avoiding exotic species and using indigenous species or
vegetation which is well-suited to the conditions, the
potential negative effects of precipitation and temperature
can be minimized.
During winter months, the temperature of a green roof's
deepest soils tend to be five to ten degrees higher than soil at
ground level, which can aid plant growth. However, green
roofs with thin soil mediums are more likely to freeze. In
the summer, soil temperatures can be up to five degrees
higher than those at ground level, especially the soil on the
south slope of a sloped roof (Johnston and Newton, 1993).
The use of appropriate vegetation will reduce both the extent
of irrigation and drainage systems and will help prevent the
loss of plants due to extreme temperatures
The affect of urban heat islands should also be addressed.
During summer months, ambient air temperatures can vary
throughout the city due to solar radiation emanating off of
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hard surfaces. If a site is affected by such an occurrence,
proper vegetation should be selected.
.

Management and Maintenance Concerns

~
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The management and maintenance (M&M) of intensive
green roofs can be troublesome if not properly planned.
M&M issues vary between buildings. Management of an
intensive green roof is typically the responsibility of a
building manager, who may have concerns such as noise
emanating from the roof to the floor below and unmonitored
activity on the roof.

r-.
.-,

The maintenance of a green roof will vary depending on its
design. While extensive gardens typically require little
maintenance, intensive gardens require specific care. For
example, an eco-roof may require an occasional watering
during a severe drought or the removal of tree seedlings. A
conventional roof garden, on the other hand, may have a
variety of exotic or delicate plantlife which require intense
maintenance. Well-designed irrigation and drainage systems
will help reduce the likelihood of maintenance problems for
intensive green roofs.

.
.
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Drainage seems to be the most common maintenance
problem encountered .with green roofs. Mike Rouse, who is
responsible for maintenance at Portland's World Trade
Center, described problems he experienced with leaking
planter boxes. Roots penetrated and clogged the drainage
system, which led to water collecting in the planters and
eventually leaking to the floor below. This issue was
remedied by adding a root barrier system to the planters.
Rouse noted, in retrospect, that it is important to choose
plants wisely, taking into consideration the amount space
needed for root growth. Over the years the Metro building
has been experiencing similar problems with clogged drains
in their planter boxes at the main entrance of the building.
During heavy, sustained rains the planters become saturated
and the excess water seeps through the root-created cracks of
the building, causing problems on the floor below.
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An additional interview with Bill Talley,
Campus
Landscape Architect
at the
University of Washington,
uncovered
similar problems with drainage.
This
problem has been addressed in older gardens
by using plants that can tolerate poor
drainage. When asked why they don't use
more drought resistant plant species in order
Certain plant species that
to live through dry periods, Talley stated that
thrive in wet soil sometimes
in this climate plants that like saturated soil
invade roof gardens.
tend to do better. While water can always be
added, it can't be taken away if drainage becomes a problem.
In more recent gardens, the U of W has used a soil mixture
that contains pumice, a lightweight porous material. The
pumice adds structure to the soil, preventing compaction
which is one of the elements that inhibits proper drainage.
They also use simple designs with somewhat sparse plantings
in order to allow the plants to grow without root
competition.
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Costs Associated with Green Roofs
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A green roof's capital costs will vary greatly depending on the
chosen design, with costs for conventional roof gardens being
quite high while the costs associated with an eco-roof are
more comparable to a standard roof. Two other costs will
affect the overall expense of a green roof including the cost of
retrofitting the roof to meet city code requirements (e.g.
structural, and exiting requirements if needed), and the cost
of maintenance. The best way to mitigate structural costs is to
include the green roof in the original design of the building.
Costs associated with the development and maintenance of
an eco-roof are generally much less than those of a
conventional roof garden covering an equivalent amount of
space. In regard to maintenance, formal roof gardens require
more water, fertilizer, weeding and clipping than an eco-roof,
and therefore have higher costs. According to one study, the
total costs of a green roof "could be reduced by 50% or even
as much as 80%..." with an eco-roof design as compared to a
conventional roof garden (Johnston and Newton, 1993).
43
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One of the more substantial construction costs associated
with all rooftops, and especially for green roofs is that of
getting the growing medium, vegetation and supplies to the
rooftop.
While it may be possible to physically carry
materials to the rooftop via elevator or stairs, the most
common method is to utilize a crane to lift the needed
materials onto the roof. This expense will vary depending on
the height and accessibility of the rooftop.
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Lack of Resources
Currently the green roof concept is not well established in
Portland's vocabulary. The limited availability of technical
expertise and alternative building materials (e.g. eco-roof
systems) act as a deterrent to the acceptance and
implementation of green roofs in Portland.
No local
landscape architects or technical firms have been identified
which specialize in the design or construction of green roofs,
particularly eco-roofs. Furthermore, the eco-roof is not
addressed in any code requirements and tends to be a foreign
concept to city planners and plans examiners. This lack of
familiarity leads to difficulties in accessing applicable city
codes and requirements for green roof development.
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FOUR OPPORTUNITIES: APPLYING CONCERNS
AND ISSUES TO LOCAL SITES

,

Are you thinking about installing a green roof on your
building, but unsure how regulations, climate, maintenance
and costs might affect your site? This section applies the
aforementioned issues and concerns to four existing
buildings in Portland. By focusing on local sites which have
a variety of unique characteristics, it becomes apparent that
no single template exists for the design and implementation
of green roofs. Each of the sites discussed possess unique
barriers and opportunities which must be considered before
installation of a green roof. After addressing these issues, a
final recommendation for each building is presented.
r-
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Selection of Study Sites:

Flander's Lofts, St. Mary's
Academy, the Executive Building, and the Portland
Habilitation Center were selected as case studies. Building
selection criteria consisted of the absence of a green roof and
the use, height, construction type, age, and location of the
building.
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Flander's Lofts: 725 NW Flanders Street, Portland
Building Characteristics: Flander's Lofts, a mixed
use building with 25 residential units, is located in
the heart of downtown Portland's popular Pearl
District. The building was constructed in 1905 and
renovated in 1990 with the addition of the top
(fourth) floor of the building. The building'S usable
roofspace, which is currently accessible by a stairway
with entrances at both the east and west sides of the
roof, is approximately 7,500 square feet in area. The
occupant load is 500 which requires two exits.

The Users: The tenants of the lofts and their guests
are the primary users of the building. Residents
tend to be middle to upper-income professionals,
often young couples, paying rents ranging from $725
to $2,000 per month.

.
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Management & Maintenance: Flander's Lofts is managed by
Resident Manager, Christi Madson. In general, Madson feels
that a rooftop garden would be an attractive addition to the
building. However, she did voice the following concerns: 1)
The potential of excessive noise emanating from the roof to
the residents of the fourth floor, especially since the fourth
floor rents are the highest in the bUilding. 2) Privacy of
fourth-floor decks and balconies which would be visible from
certain areas of the rooftop. 3) Safety concerns such as the
possibility of people falling off the roof. 4) The structure of
the roof and whether it can withstand the additional weight
of a garden. 5) The need to establish and monitor rules for
the space. For example, Madson was not sure if pets and
barbecues should be allowed on the roof.

Madson felt that the maintenance of the green roof would
either be managed by the building's current maintenance
person or the residents.
She did not feel that the
maintenance would pose any problems. In fact, she felt the
residents would enjoy spending time maintaining the garden
and she entertained the possibility of using it for roof
agriculture.
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Costs: Considering that retrofitting the rooftop would be
necessary in order to meet live load requirements, the costs
involved in creating a green roof on Flander's Lofts would be
a significant issue, especially for an intensive green roof.
Depending on the design and vegetation, as well as irrigation
and drainage systems installed, the maintenance costs could
vary greatly .
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Saint Mary's Academy: 1615 SW 5th Avenue, Portland
Building characteristics: St. Mary's Academy is a
Catholic school for young women located in
downtown Portland. The three story building was
originally constructed in 1947 and a north wing was
added in 1991. The building's roof, which covers
approximately 37,600 square feet, currently has one
exit. However, for its occupant load of 2500, two
exits are required. The rooftop is composed of three
levels. Upon entering the roof from the single
entrance there are steps leading to a second level,
which previously was used as a tennis court. The
third level (the roof of the new north wing) is
accessible via ladder from the second level.
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The Users: The 519 students and faculty of St.
Mary's are the primary users of the building. The
girls have no access to green space on or near the
school grounds and have been observed playing amongst cars
in a nearby parking lot. When asked if there was a need for
greenspace at St. Mary's one student replied emphatically, "Of
course there is. We don't have a place to play or relax other
than the gymnasium which gets pretty boring after a while./I
As previously mentioned, the roof had been the site of a
tennis court but it was closed due to balls landing on the
street below and causing traffic hazards. Since that time, the
roof has been off-limits to the students.

.

-po..

r

47

.
--

Greening Our Cities

-,

-,

--.
-,

.
-,

-,

.-..

i 'jli ,'.'~,' ~I&'1~;\I{J,.I.~ltl;%£,~,:;';iJ~;;;;:1}};: ~J:; 12ki~.,';;i @!trLt*;,),~i)fi;tflW;:;~#I¥.i( ' •.•' .'l.
it The city has structUr~tlrecords for the rec'e ntiy built north wing, but not for

'

rest of the
building which was constructed in 1947. To determine the Live Load rating for the remainder of
the rooftop, inspection by a structural engineer is necessary.

Maintenance & Management: One of the benefits of a green
roof is the opportunity it provides for community building
through involvement in the management and maintenance
of its space. If the students were involved in the process of
creating and maintaining the green roof, from conception to
implementation, they would likely feel more accountable for
its day-to-day maintenance. Last year the students attempted
to plant a small containerized garden on a section of the roof
which is visible from the cafeteria. Unfortunately, they did
not properly plan for the garden and had to discontinue it
when they discovered the difficulty of getting water to the
roof. Over the ensuing winter a garden hose was routed to
the rooftop in preparation for another attempt this spring.

Costs: The cost of retrofitting to meet code requirements
(exit, water, and live load) could be prohibitive to the
development of a green roof at St. Mary'S. Some costs could
be reduced by involving the students in the design,
construction and maintenance of the green roof.
Additionaly, the costs would vary substantially between an
intensive and extensive green roof design.
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The Executive Building: 811 SW 6th Avenue, Portland
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Building Characteristics:
The Executive Building,
constructed in 1972, is located in the core of Portland's
downtown commercial district. The building is 11 stories tall
and the roof has an area of approximately 10,000 square feet
and one exit. The occupant load of the rooftop is 650 which
requires a minimum of two exits.
Users: Eight of the building's floors are currently leased by
the Oregon State Department of Environmental Quality
(DEQ) for office space. The ground floor is occupied by a
bank, and the Environmental Protection Agency (EPA) is
leasing the second and third floors. The nearest open space
to the building is Pioneer Courthouse Square, which is not
known for it's 'green' characteristics. One DEQ employee
expressed her desire for a green space in this way, "On a nice
day I find myself spending my entire lunch hour looking for
a park or natural setting. By the time I find one, I need to get
back to the office." The employees of an attorney's office on
the 15th floor of an adjacent building expressed a similar
sentiment regarding the need for some nearby greenspace
and posed the question: "If they were to get a rooftop garden,
would there be a way of connecting our- office to it?" Another
employee stated, "The view sure is wonderful from here
until you look down."
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Maintenance & Management:
The Executive Building
currently has no landscaping and, therefore, no
groundskeepers. The management of a green roof would
likely be the responsibility of the owner of the building,
Morgan Park. Due to the number and variety of people using
the space, the maintenance would likely be contracted out by
a landscaping company which would maintain the garden 0 n
a regularly scheduled basis.
Costs: Apart from the standard expenses involved in
developing and maintaining a green roof, costs involved in
meeting live load and exit requirements would be a
consideration.

The Portland Habilitation Center (PHC):
5312 NE 148th Street, Portland
Building Characteristics:
The Portland
Habilitation Center, constructed one year
ago, is located in the rapidly developing
Columbia Slough area. Three-quarters of
the building is used as warehouse space and
the remainder is occupied by administrative
offices. The inaccessible roof is characterized
by a 20 percent slope and is approximately
50,000 square feet in area. Since the building
lies only 50 feet from the banks of the
environmentally
sensitive
Columbia
Slough, the site has incorporated several
measures
to
mitigate
potential
environmental degradation.
An on-site stormwater
detention pond has been constructed and the parking lots
feature bio-swails which filter pollutants from stormwater
before it drains into the Slough. Furthermore, rather than
installing a conventional irrigation system to service the
greenhouse, rainwater will be captured in a 10,000 gallon tank
and used for this purpose.
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-Users: The purpose of PHC is to train and employ physically
and mentally challenged Portlanders. Currently, the building
is used by approximately 200 employees as well as 15 to 20
administrative· staff members. Since an eco-roof is the only
50
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feasible design for a sloped roof, the users of this building
would probably not have access to the green roof.
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"Due to absence ot users on an ",.,,,_r,,,,t
are not applicable .
""The live load requirement is based on an occupied space. Since an eco-roof is not usually
accessible, it is not necessary to meet the city's live load requirement.
""*The southern facing side of the roof receives high amounts of sun exposure, while the
northern side has low ex£.osure levels.
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Management & Maintenance: One of the many highlighted
characteristics of an eco-roof is the low level of management
and maintenance they require. As the roof would not be
used, management should not be an issue and an eco-roof
would require a low input of water and fertilizer and, overall,
require minimal maintenance.
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Costs: As previously mentioned, eco-roofs have comparable
costs to normal roof systems. No retrofitting would be
necessary to meet code requirements, however some
upgrading would be needed for additional loading. If an eco
roof were installed with the original construction, extra costs
associated with roof greening would have been minimized.
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Potential Approaches for the Opportunity Sites
How does one decide how to best use roofspace? Sometimes
roofs display such a magnitude of barriers that greening the
roof may not be feasible. However, many roofs already
possess the basic components needed for a green roof. Would
a conventional roof garden be a better choice than an eco
roof, or should both be incorporated into the design? By
evaluating the concerns and issues discussed prior to
choosing a particular green roof type, the likelihood of
successful implementation will be enhanced. An underlying
issue with almost all proposed green roofs is the costs
involved. Generally speaking, if an intensive green roof is
too costly, an extensive roof should be considered.

Flander's Lofts: Conventional Roof Garden
Flander's Lofts exemplifies a classic site for a conventional
roof garden due to its high-density location and the
characteristics of the tenants. Measures can be taken to
protect the fourth floor units from noise and invasion of
privacy.
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Saint Mary's Academy: Hybrid of Conventional Roof Garden
and Roof Agriculture



The students need an outdoor place to play! A hybrid green
roof is recommended utilizing the section of the rooftop
visible from the cafeteria for a conventional roof garden. The
old tennis court space planted with turf for recreational use.
The new north-wing roof provides an opportunity for an
"experimental garden" where students could learn about
growing plants and food. Additionally, this would be a good
place for roof agriculture due to the excellent sun exposure.
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Executive Building: Eco-roof
While there is a demand for green space, the relatively small
rooftop would probably not meet this demand. Also, the
high winds and lack of sunshine may damage a decorative
roof garden. This recommendation is for an eco-roof as it
would be able to adapt to the constraints of this site. A design
similar to that of the new library in Vancouver, B.C., with

.
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vegetation that will change with the seasons and enhance
views from above, is suggested.
Portland Habilitation Center: Eco-roof
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The I8-mile-Iong greenspace of wetlands and lakes
located on the southern floodplain of the Columbia
River, known as the Columbia Slough, is
experiencing high levels of environmental
degradation. The intense levels of development
including heavy and light industries, residential
housing, farming, and the Portland International
Airport, have all contributed to pollution in the
area. According to an environmental assessment,
the Slough's ecology is failing. The Slough does
not meet the standards which are considered necessary to
support wildlife and aquatic habitat, recreation, irrigation and
fishing. A primary contributing factor to the water quality of
the Slough is the amount of impervious surface found along
its banks. Installation of eco-roofs, as is recommended for
PHC, will help reduce the flow of polluted stormwater into
the Slough.
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To Wrap It Up

Obviously the various issues and concerns related to green
roofs need to be addressed prior to construction. These range
from learning the structural capacity of the roof to meeting
city code requirements. Furthermore, a roof's micro-climate
must be considered and appropriately planned for. The four
opportunity sites show that buildings not only have unique
users, but also have unique roof spaces. Selecting an
appropriate type and function of green roof will occur only
after a thorough analysis of the issues, concerns and
opportunities.
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The Columbia Slough area, whid
has been rapidly developing with
large flat-roofed buildings, is a
prime location for eco-roofs.
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AN EXAMPLE OF LOCAL IMPLEMENTATION
THE RAPHAEL HOUSE CASE STUDY
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AN EXAMPLE OF LOCAL IMPLEMENTATION
The Raphael House Case Study
Along with looking at potential sites in the Four
Opportunities section, an in-depth study of a roof garden
currently being constructed in Portland was conducted. This
case study provided an opportunity to talk with numerous
individuals involved with the project and discuss the issues
that arose from conception to implementation. The case
study identified limitations and barriers to implementing a
roof garden, as well as the benefits achieved from a
public/private collaboration between the Raphael House,
Portland General Electric and the City of Portland Bureau of
Environmental Services. Recommendations are provided
regarding an appropriate green roof for the Raphael House
building and its users.

What is the Raphael House?

.

The Raphael House is a non-profit organization, founded in
1977, which provides numerous services for women and
children whom are victims of domestic abuse. The site is on
the roof of a four story residential building utilized as
temporary housing. In 1987, when the 60 year-old building
was purchased, extensive renovations were needed to
accommodate the new residents. Because a roof garden was
built on the San Francisco Raphael House several years prior,
the idea was transferred to the renovation plan at the
Portland site. Additionally, the new building had no outdoor
play area for children, providing further motivation for the
roof garden.

.

The Site
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The roof is accessed by two stair towers, both of which lead
into an enclosed, southeast-facing deck. The area of the
entire rooftop is approximately 3200 square feet, with
approximately 1600 square feet dedicated to both play area and
roof garden. The deck area sits about three feet off of the
rooftop and is enclosed on two sides by a chain link fence
with cedar posts and beams, while the remaining two sides of
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the deck are bound by the exterior walls of the
top floor of the building. The decking is
protected by a coating of latex with a rough
texture to prevent both slipping and water
leakage. Furthermore, four drains are located
at low points within this enclosed area to
allow proper drainage from the deck onto the
rooftop.
The rooftop not dedicated to decking is
covered with a waterproof, polyurethane
membrane. A portion of this is accessible for
maintanence only and has a drain that ties
into the city sewer system.
Therefore, a
rainfall monitoring system can be installed to
determine the ability of the roof garden to
intercept rainwater. The two distinct sections
on the rooftop provide various opportunities
to explore green roof functions
and
applications.
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Structural Considerations
Top: The activity area
includes an elevated
platform that could be used
for a garden area for
children.
Bottom: The deck sits about
three feet above the roof top,
which is covered with a
polyurethane membrane.

The structural engineer on this project, Van Walstijn,
inspected the design of the project and concluded that, with
exiting requirements, the retrofitted roof is designed for a live
load of 100 pounds per square foot and can hold up to fifty
people at one time.


-

Architectural Design
The architectural firm, Rod Graham Architects, did the
design for the remodel and retrofit for the Raphael House.
Don Chan, who designed a roof garden for the Columbia
Plaza twenty years ago, was the lead architect of the Raphael
House and answered several questions about the project.


......

Chan stated that two of the most important aspects of the
design were the security issues associated with the children's
play area and the type of waterproofing materials used to
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The Rapheal House

prevent water seepage. The issue of security was designed
into the floor plan by using the two exterior walls and a six
foot high fence to create a boundary.
The textured,
waterproof coating on the deck, and the
polyurethane membrane on the roof, solved the
concerns of water leakage.
The primary limitations in designing the roof
garden concerned the load capacity of the building
and the physical elements on the rooftop. Chan
had to consider load limitations and ensure that
the building itself could withstand the weight of
the deck, people and garden materials. The second concern
regarded the physical elements interspersed on the roof, such
as vents and air conditioning units, and was more incidental
than problematic.
Chan stated that overall, once the limitations are addressed,
designing a roof garden is very simple. However, he noted
that a retrofit is much more expensive than including a
garden in the initial design of a building. Chan feels
architects would be enthusiastic about incorporating roof
gardens into their designs more often if incentives to
He also
promote their development were in place.
emphasized the importance of providing open space which is
associated with the building site as it keeps human activity
on-site, something that is critical to a successful building
design.

Contractor
Drake Construction conducted , the contracting work for the
Raphael House and donated both labor and time, keeping
costs to a minimum. The cost for the project was just under
$50,000. The lead contractor on the job, Eric Marsh, had
never constructed a roof garden but found this job to be very
simple.
The biggest concern for Marsh was retrofitting the building to
withstand the increased weight of the deck because of its age
and design. He had to begin by shoring up the main beams in
56

The distinction between the
two areas on the roof provide
an opportunity to develop both
a traditional rooftop garden
and an eco-roof.
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.
.

the basement to insure adequate support for the entire
building. Additionally, the slope of the original roofline had
to be considered due to the weight of the new deck on it and
the subsequent slope changes that would be created from it.
Also, the deck had to be built with its own slope so that
rainwater would run out the drain spouts and not collect
within the children's play area.

.
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Marsh hired a subcontractor to help with decisions regarding
the type of material to use as a waterproof membrane. The
criteria was based on foot traffic, sealant quality and wear
from weather over time. The membrane chosen is
manufactured by JPS Elastomerics and is a scrim reinforced
ethylene propylene membrane that is 45 millimeters thick.

.-,


.
.-,

Marsh stated that creating usable space on a rooftop is fairly
simple, even with the limitations that exist. He feels current
policies deter contractors and developers from using roof
space and that codes are not organized to provide necessary
information in an efficient manner. A good example of this
occurred when the architect's original plan called for a
covered area on the roof and was denied by the Portland
Planning Department because it was considered a permanent
shelter, constituting another floor. Had the architect known
this information up-front, time would not have been spent
on something that was to be denied later. Marsh feels a set of
straightforward rules ' is needed in the form of a distinct
document so that designers, developers and contractors know
what they can and cannot do when installing a green roof.
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Liability
Issues of liability are often raised concerning human activity
on roofs, however no liability concerns have surfaced in
conjunction with the garden plan for the Raphael House.
The Portland Raphael House simply used San Francisco's
model for dealing with liability issues and no modification to
the current insurance policy has occurred.

.
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Possibilities
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The Raphael House presents an exciting opportunity to
capture both the social and environmental benefits of green
roofs. The following recommendations are based on concerns
surrounding safety for the children, protection of the roofing
membrane and achieving optimal use of the roof space.

---

The Children's Play Area

,-.,

,-
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The deck will become not only a haven for adults, but also an
educational, "living" environment for children. A number
of opportunities exist for growing plants and vegetables in
containers that are appropriate for children.

Remainder of the Roof

An eco-roof, along with several containers
planted with trees and shrubs, would be
ideal for the roofspace outside of the play
area.
This recommendation is based
primarily on the concern surrounding foot
traffic on the polyurethane membrane. By
reducing maintenance concerns, the eco
roof reduces the threat of membrane
damage.
The eco-roof design can be beneficial for several reasons. To
begin with, the users of the play area can view greenery
adding to the experience of using the roofspace. Also, an eco
roof which covers a large area will lower the temperature
and glare significantly when the sun is shining, making it
more comfortable for those using the deck during summer
months. By putting tall shrubs or trees in containers, a
natural wind break can be created adding more comfort to the
users, as well as increased visual appeal.
PGE is donating garden materials such as planter boxes and
plants for the development of the roof garden. Furthermore,
the Raphael House staff and the Bureau of Environmental
Services have agreed to work jointly to monitor the ability of
58

Aerial view of the entire
Raphael House roof. An eco
roof will reduce heat in the
surruner and create an ideal
monitoring station for BES.

Greening Our Cities

the green roof to intercept rainwater headed for the city sewer
system. BES is assisting the Raphael House with technical
concerns associated with the design of the green roof and, in
exchange, will be given access and assistance in monitoring
the site. This is a great opportunity to develop data relative
to Portland.
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POLICY AND RECOMMENDATIONS
Local governments use incentives to encourage the private
sector to provide amenities which benefit the larger
community or help achieve social goals. Conversely, if
private behavior is viewed as causing harm to the larger
community in some way (e.g. pollution), governments may
regulate or tax that behavior in an effort to minimize its
impact.
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While North American cities tend to view green roofs as an
amenity to the city or as a means of meeting the open-space
needs of people, some European cities have taken this
concept a step further and are requiring green roofs as a
means of compensating for the damage that development
inflicts on the environment. By implementing progressive
policy which reflects the benefits that green roofs offer, the
City of Portland will set a precedent in the United States .
This section discusses green roof and related policies in the
City of Portland and several other U.s., Canadian and
European cities, and makes recommendations that may help
to encourage roof greening in our community.
The
discussion of existing policies is intended to give insight into
the methods of implementation used in Portland and around
the world, and to illuminate concerns and/or advantages of
these policies.
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Green Roof Policy in North American Cities
In an effort to find out how North American cities approach
green roofs on a policy level, planning departments were
contacted in several cities including: Portland, Seattle, San
Francisco, St. Louis, New York, Vancouver and Toronto. The
results of this informal survey indicate that Portland,
accompanied only by the City of Seattle, is somewhat unique
in providing an incentive for the development of roof
gardens. More commonly, (with Portland being the
exception) cities require the provision of open space which
may be located at or above ground-level.

.
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City of Portland

.-,

Public policy regarding green roofs in the City of Portland
consists of a floor area bonus option for new development
with rooftop gardens in the Central City (City of Portland
Zoning Code 33.510.210 Floor Area and Height Bonus
Options, C. 4. Rooftop gardens option). The purpose of the
rooftop garden bonus is to offer an incentive which will
encourage amenities in the Central City.
Details of the Rooftop Garden Amenity Bonus. The rooftop
garden option allows new development in the Central City's
high intensity central commercial (CX), employment (EX)
and residential (RX) zones to receive bonus floor area for
proViding a rooftop garden. The bonus has a 1 to 1 ratio,
meaning that, for each square foot of roof garden provided,
an additional square foot of floor area is earned. To qualify
for this bonus, the garden must cover at least 50 percent of
the roof area of the building and at least 30 percent of the
garden area must be landscaped. The roof area from which
the 50 percent garden coverage is calculated includes the
terraces created by setbacks and the top of the tower.
Issues Regarding Implementation and Scope of the
Rooftop Garden Bonus. The rooftop garden bonus
does not get used frequently. According to Ruth Selid
and Jeff Joslin, Urban Design Planners at the City of
Portland, the bonus has not been used at all during the
seven years of their tenure. Furthermore, they are not
familiar with any cases in which it has ever been used.
The design of high-rise buildings presents a barrier to the
use of the rooftop garden bonus. The bonus is available
only in the most intensive use zones and, therefore,
applies primarily to high-rise office or residential towers
which tend to have one or more setbacks as they increase
in height. The space created by the setbacks is often used for
terrace gardens which are directly accessible from tenant
spaces. However, according to Ruth Selid, developers do not
like to locate gardens on the top of tall towers because they do
not enhance tenant space to the same degree as a garden 0 n
the same level. Access to the garden from below is less
and therefore
considered
less usable.
convenient
Furthermore, views from individual tenant spaces are not

This roof garden at PacWest
Center in Portland provides open
space for employees and adds
greenery to the downtown area.
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improved by the garden and the elements, especially wind,
are much more extreme at higher elevations. Without using
the roof of the tower, which is often also constrained by the
presence of mechanical equipment, it is difficult for buildings
to meet the 50 percent coverage of the roof area.
To be effective, the incentive would have to be attractive
enough to developers to spur creative approaches to design
constraints. In short, gardens need to be designed into the
building, not added as an afterthought. The current bonus
apparently does not provide enough of an incentive because
other bonuses, which are less difficult to implement, seem to
be preferred.
The scale of development is an additional reason for the lack
of use of the rooftop garden bonus. Development of a large
enough scale to need the bonus occurs infrequently.
Developers do not build to the maximum floor-area ratio
allowed because at this time there is not sufficient market
demand.

Related Open Space Requirements

There are no requirements for the provision of open space in
any of the high intensity zones, including commercial (CX),
employment (EX) and residential (RX, RH). Open space is not
required because such regulations may lead to "dead plazas"
that are detrimental to the pedestrian character and visual
appeal of these areas. Furthermore, Portland's downtown
block structure (200 x 200) gives a sufficient break between
buildings which allows light and air to reach street level.
Relatively good access to public parks in the downtown area
further supports the reasoning that there is no need to
require open space in high intensity zones (Selid, 1997).
While these arguments are considered valid, open space
requirements in residential zones deserve reexamination,
particularly as the City of Portland pursues its goals of
increasing residential densities. The quality of a living
environment is dramatically affected by the presence of
private or semi-private open space and, should be considered
a basic element of housing. Roof gardens, which provide
open space above ground, represent a possible solution to the
62
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conflict between urban design principles and the need for
open space in residential areas.

City of Seattle
Like Portland, Seattle has a bonus to encourage the
development of roof gardens. The bonus is for 'Public
Benefit Features' and to be eligible gardens must be open to
the public. The intent of the bonus is to encourage the
provision of open space for downtown workers and visual
amenities for those on the street and in surrounding high
rise development.
Use of Seattle's Bonus
Seattle's rooftop garden bonus has had limited use according
to Dennis Meier, a planner at Seattle's Office of Management
and Planning. One reason for this is the limited amount of
office development that has occurred since the bonus was
instituted ten years ago.
Furthermore, roof gardens
previously received a bonus as a public plaza,
but it was determined that they were not as
accessible to the public and, therefore, the
bonus was reduced. Meier feels that the
reduction in the size of the bonus has
detracted from its use, as it is no longer large
enough to draw attention.
While roof
gardens may be built to satisfy open space
requirements and to improve the amenity
value of buildings, most which have been
built did not qualify for the bonus due to
access and design requirements.
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Related Open Space Requirements
New office uses in the downtown area are required to
provide open space in order to offset demands on existing
open space. Office buildings over 85,000 square feet are
required to provide 20 square feet of open space per 1000
square feet of floor area. The required open space may be
private, as long as all tenants and employees of the building
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have access; a private roof garden would fulfill this
requirement. Required open space can also be public which
presents an opportunity to earn bonus floor area.

.
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High-rise housing has required open space, half of which can
be proVided above ground in the form of balconies, decks
and/ or roof areas. In addition, all residential buildings with
over 20 dwelling units in the downtown area must provide a
common recreation area equal to five percent of the floor
area. The common area, 50 percent of which must be
outdoors, must be available to all residents and may be
provided at or above ground level (City of Seattle Land Use
Code) .

What does it all mean?

-.

-.

The two policy examples that were found which specifically
relate to green roofs, from Portland and Seattle, are similar
tools which use a floor-area bonus to encourage the
development of roof gardens in the downtown area.
However, these policies have somewhat different intents.
Both cities encourage rooftop gardens as amenities which
enhance the visual appeal of the city. Portland's policy stops
here. Seattle takes it one step further to require that the space
provide a "public benefit" and therefore requires that it be
open to the public. The value of public access to open space
such as roof gardens is worth considering. However, green
roofs provide substantial benefits regardless of whether or
not they are accessible to human use. Attaching a condition
of public accessibility to bonus requirements may act as a
barrier to the provision of roof gardens. This is not to say
that sufficient access to open space should be taken lightly.
Portland could learn from the policies and experiences of
other cities to develop a residential open space policy which
adequately addresses the quality of dense living
environments.
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European Green Roof Policy
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In contrast to the very limited attention given to green roofs
in North America, European policymakers have embraced
the concept. Green roofs are viewed as much more than a
means to beautify cities and provide open space for people,
although these factors are also considerations. European
policymakers have recognized the environmental benefits
that green roofs offer and this is reflected in public policy.

.

.
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The City of Mannheim adopted a "greenification policy" for
its urban core in 1988 to mitigate the negative effects of
development on the environment, specifically climatic
conditions, and to enhance the city's aesthetic and
environmental image. This policy requires green roofs to be
installed on new or altered development with roofs of up to a
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ten degree slope. To compensate developers and building
owners for the extra expense of roof greening, higher
densities and heights are allowed (Overveld, undated).
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The City of Stuttgart has similar roof greening requirements,
but targeting industrial buildings.
Stuttgart also has a
program to subsidize green roofs. Since 1986, the City of
Stuttgart has spent 1 million marks (approximately $586,200
in U.S. dollars) to cover a roof area of lOA acres (42,000 square
meters). The city will pay up to 50 percent of the cost of
constructing a green roof and provides a higher subsidy per
square meter in urban renewal districts than in other parts of
the city (Johnston and Newton, 1993; Himkin, 1997:
Deutscher Gartenbau, 1992) .
Swiss cities take an even more progressive approach to green
roofs, requiring new construction to relocate the area of the
greenspace covered by the building footprint to the rooftop.
Existing buildings, including historical buildings, must green
20 percent of their roofspace (Kuhn, 1995) .
Policies which require and encourage green roofs are getting
results. For example, there are an estimated 80 million
square meters of flat roofs in Germany and approximately 10
percent have been greened. Furthermore, the long-term
reaction to roof greening requirements has been favorable .
The public likes roof greening because it enhances the natural
environment. Although it took some time for the building
community to warm up to the idea, they now generally agree
that a green roof will add to a building's performance
(Him kin, 1997). In working toward a local green roo: policy,
it would be worthwhile to undertake further research
regarding European policy details and the processes that led
to their adoption. Learning from the approaches of other
cities will help local policymakers make well-informed and
progressive decisions.

.
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--Policy Recommendations
The City of Portland is beginning to feel the effects of
intensified urban development and growth as evident in the
degradation of the natural environment and quality of life
that is taking place. Policymakers must take the opportunity,
at this point in time, to address these concerns before they are
magnified. Portland is in the enviable position of being in an
economic upswing at a time when policymakers and the
public are environmentally aware and concerned with
maintaining the city's revered quality of life.
Green roofs have the potential to positively influence all
aspects of development, making it more environmentally
sound, more socially productive and more economically
Current policies in Portland and other North
viable.
American cities approach green roofs as being, at best, a
means to meet social objectives.
This approach is
shortsighted. From the results of this study of the benefits
and barriers associated with green roofs, it is recommended
that the City of Portland move toward the European
approach by reflecting the environmental, social and
economic benefits that green roofs offer in its public policy.
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The pursuit of policies which encourage the development of
green roofs would be consistent with other adopted City of
Portland policies. The Comprehensive Plan and Central City
Plan include policies for improving access to open space and
opportunities for recreation; preservation of the natural
environment including air and water quality and wildlife
habitat; and improving the aesthetics of the city.
Furthermore, the recently adopted Downtown Community
Association Residential Plan specifically acknowledges the
importance of encouraging residential amenities, such as roof
gardens and community gardens, if living in dense areas is to
be an attractive option for a diverse group of people.
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The specific recommendations outlined below are presented
as possible ways to encourage the development of green roofs
in Portland. Since roof greening, in general, is a relatively
new concept, requiring green roofs in Portland would be
overly ambitious. However, approaches should be pursued
which illuminate the benefits of green roofs and provide
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incentives that will help to create a market for roof greening
in Portland. In an effort to make the greatest impact possible,
incentives that address both new and existing development
should be considered.
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Revise the rooftop garden bonus to make it more attractive
and usable. There are a number of possibilities that have
been identified to accomplish this aim including: increasing
the bonus amount to accurately reflect the benefits which
green roofs offer (to highlight social value, a different bonus
level could be offered for public and private green roofs);
altering the requirements that the garden cover 50 percent of
the entire roof area; expanding the scope to include the
broader concept of roof greening and encouraging the use of
eco-roofs in non-user-friendly areas of the rooftop.
Look for ways to expand the scope of the rooftop garden
bonus. One of the reasons for the lack of use of the bonus is
that development in the downtown area does not typically
build to the maximum allowed intensity and, therefore, is
not in need of additional floor area. The possibility of
extending a similar incentive to areas that are expected to
experience intensified development, such as Light Rail
Station Areas, or are currently developing at maxim urn
allowable levels should be investigated.
Rethink open space requirements for high density residential
uses. In the review of policies around the country, Portland
stood out for its lack of open space requirements.
As
discussed earlier, there are solid design-related arguments
which support this policy.
Roof gardens should be
considered as a possible solution to the conflict between the
City of Portland's urban design and open space goals. Open
space requirements should be reexamined as they relate to
residential uses, especially in light of Portland's goals for
Open space which is associated with a
densification.
residential use is a very important factor contributing to the
quality of the living environment. Furthermore, without

,
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requirements, low-rent housing will most likely not be
provided with open space, with such amenities being found
only in up-scale buildings.
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Provide monetary incentives for green roofs and other
sustainable development measures. Using the system of fees
that currently exist, a graduated storm sewer rate and/or
system development charge that reflects the degree to which
runoff is mitigated could be instituted.
A more
comprehensive approach would take all aspects of
environmental disturbance into account. One possibility is
an "Environmental Impact Fee" which would consider the
effect of development on air and water quality, flooding,
climate and loss of habitat and the degree to which that
disturbance is mitigated. A slight variation to this approach
would be to charge activities that have an associated cost to
society accordingly (i.e. storm sewer rates should reflect the
true cost of the csn impact). The additional revenues
generated could be used to subsidize green roofs or other
mitigation strategies.
Develop an expedited permitting program for projects with
sustainable development elements. Developers view time as
money. Therefore, such a program would add an additional
monetary incentive without placing a significant burden on
city resources.
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Require new development and significant remodels to meet
the basic standards for adaptive reuse of roofspace.
Retrofitting buildings to allow the construction of a green
roof can be cost prohibitive, whereas including a green roof
in the initial plans for the building significantly reduces costs.
If the primary elements exist including water, the required
number of access points and sufficient load capacity, future
retrofits will be much more feasible.
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Establish an education and public relations program. Green
roofs are a relatively new concept in Portland, as wen as the
United States. In order for green roofs to make an impact on
our region, a concerted effort must be made to promote the
benefits and
the community including builders,
architects, planners, policymakers and the general public.
public relations effort that encourages creative use of
roofspace and highlights progressive projects will give credit
where it due, while providing examples and incentives for .
others to take a 'green' approach.
Publish a developers/designers handbook for green roofs. A
need has been expressed for both a source which consolidates
an of the relevant building and zoning code
regarding
the construction of green roofs and resource informa Hon 0 n
the design and construction of eco-roofs. This concept could
be expanded to provide
and ideas that will help
maximize the environmental, social and economic benefits
of green roofs.
Establish a financial and technical assistance program to help
finance
green roof
and implementation.
Federal and State aid should be pursued to finance such a
program.
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public-private partnerships for the development and
study of green roofs. This is a broad concept that could take
the form of financial or technical assistance with the design,
implementation or monitoring a private green roof.
Alternatively, such a partnership might involve a private
building that works with nearby residents and the Parks
roof. The key
Bureau to develop a community garden on
to form relationships which will get results and build
support for green roof initiatives.
A concluding recommendation is for the City of Portland to
take green roofs seriously by pursuing further research which
will document benefits and test technology as applied at the
local level. The Bureau of Environmental Services
currently collecting information and has plans to construct a
demonstration eco-roof and monitor
stormwater
retention abilities.
should be expanded
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to include all relevant agencies in order to achieve
comprehensive policies and programs which support the
implementation of green roofs.
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A birdseye view of the roof garden on the 200 Market building in
downtown Portland. Policies which give incentives for green roofs
would encourage more of this type of development.
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APPENDIX I
Suggestions for Further Research
..

Research and monitor the environmental benefits of
green roofs at the local leveL

.. Investigate the cost differential between the development
of conventional roof systems and green roof systems,
the potential cost of shipping necessary
.. Investigate the available technology for the construction
of green roofs, and the local availability of designers,
contractors, and materials.
.. Investigate
load capacity for eco-roofs (saturated)
in this region and the cost of retrofitting buildings for
installation. Provide this information to building officials
and designers.

~

rates and occupancy levels of buildings
most likely conventional roof gardens,
and compare them to similar buildings without roof
gardens.

~

,

---

.,

Research the policies and experiences of other
countries order to inform local policy decisions.

.
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Appendix II

.
..-.

Resource Organizations
Resource Organizations
Community Stewardship Grants Program
Michael Carlson (503) 823-5625
City of Portland, Bureau of Environmental Services
120 SW 5th Avenue, Room 400
Portland, Oregon 97204

Offers grants for up to $5000 for community initiated water
quality improvement or education projects.

.-.

-
-.
-.
-.

.-.
-.

Community Gardens,
Portland Parks Bureau, Leslie Pohl-Kosbau (503) 823-1612
1120 Southwest 5th Avenue
Portland, Oregon 97204

Interested in finding innovative ways such as roof gardens to
meet community gardening needs in Portland.

.-.

-.

-.


-.

Gaia Institute
(212) 295-1930
1047 Amsterdam Avenue
New York, New York 10025

Has been researching lightweight planting mediums and has
a future vision for highly productive agriculture on rooftops.
Tom Liptan, Environmental Specialist
Bureau of Environmental Services
(503) 823 7267
1120 SW 5th Avenue, Room 400
Portland, Oregon 97204

BES is looking for alternative stormwater management
methods. Green roofs are being researched and a project is
currently underway to construct and monitor a green roof at
Ramsey Lake.

-.

-.

-.

-.
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Wayne Lei, Director of Environmental Policy
Portland General Electric
(503)464-8988
121 Southwest Salmon
Portland, Oregon 97204

..--

PGE is interested in the environmental health and livability
of the region and see green roofs as a means to do this. They
have contributed to research and implementation of green
roof projects.

--

,-.

,-.

------.---...--.,-.

Rooftop Gardening Resource Group
Monica Kuhn (416) 923-9034
14 Sackville Place
Toronto, Ontario M4X 1A4
http://www.cityfarmer.org/ rooftop59.html

This group provides a packet of fact sheets which address
elements of implementing a green roof, provide resource
information and suggest plant types .
San Francisco Beautiful
(415) 421-2608
41 Sutter Street, Suite 709
San Francisco, CA 94104

,-.

Dedicated to enhancing civic beauty, SFB will be publishing a
resource guide to promote green roofs .

,-.

--

---

San Francisco League of Urban Gardeners (SLUG)
(415) 468-0110
2540 Newhall Street
San Francisco, CA 94124

SLUG is a community based non-profit group which fosters
the use of urban spaces for gardening.

,-.

--
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Portland State University
Berry Messer, Laura Tilley
Environmental Studies
(503) 725-3000
P.O. Box 751
Portland, Oregon 97207

They are interested in the environmental benefits of green
roofs and have considered a senior capstone project on the
subject.
Urban Agriculture Notes
http://www.cityfarmer.org
by City Farmer
Canada's Office of Urban Agriculture

This site provides an abundance of urban agriculture
information as well as links to many other related sites.
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